Objectives: Patients with schizophrenia often experience subtle disturbances in several domains of information processing-so-called basic symptoms (BS). BS are already present before onset of frank psychosis and can be assessed by interviews but also by the self-administered Frankfurt Complaint Questionnaire (FCQ). We investigated the factor structure, reliability, and predictive validity for transition to psychosis of the FCQ, comparing previously proposed factor solutions containing 1, 2, 4, and 10 factors.
sis (Schultze-Lutter et al., 2012b) . From interview assessments of BS, two partially overlapping psychosis-risk criteria were developed-the cognitive-perceptive BS (COPER; Klosterkötter, Hellmich, Steinmeyer, & Schultze-Lutter, 2001 ) and the cognitive disturbances (COGDIS; Schultze-Lutter et al., 2007; Schultze-Lutter, Ruhrmann, & Klosterkötter, 2006) . Studies indicated that the combined presence of symptomatic ultra-high risk (UHR) criteria (Yung & McGorry, 1996) and BS criteria almost triples the risk of developing psychosis when compared to the exclusive presence of either UHR or BS criteria (Michel, Ruhrmann, Schimmelmann, Klosterkötter, & Schultze-Lutter, 2014; Schultze-Lutter et al., 2012a; . Supported by other findings on a psychosis-risk enhancement by self-experienced cognitive disturbances in UHR samples (Nelson, Thompson, & Yung, 2012; Parnas et al., 2011; Yung et al., 2005) , it was argued that cognitive BS in particular might capture the cognitive core dimension of psychosis that is hardly addressed by UHR criteria (Michel et al., 2014; Schultze-Lutter et al., 2014) . All studies so far have been using interviewer-rated scales such as the Examination of Anomalous Self-Experience instrument or the BSABS. However, as the interview assessment of BS requires intensive training and is rather time consuming, and as BS are self-experienced by nature, it is of interest if the same kind of risk enhancement could be detected in UHR samples by a self-report questionnaire.
In close collaboration with Huber and parallel to the development of the BSABS, Lilo Süllwold (1986) designed a questionnaire-based assessment of BS, the German Frankfurt Complaint Questionnaire (FCQ; Süllwold, 1986 ) from example statements of the BSABS. The 98 dichotomous FCQ items partially overlap with each other and refer to identical underlying BS, for example, a disturbance of receptive speech (BSABS-item C.1.6) is targeted by as much as seven different FCQ items (no. 37, 40, 69, 82, 90, 93, and 94; Michel, Kutschal, Schimmelmann, & Schultze-Lutter, 2016a) . The FCQ has become the main BS questionnaire, as it was used in several different cultural contexts and was translated into seven languages (Michel, Kutschal, Schimmelmann, & Schultze-Lutter, 2016b; .
Furthermore, it is still the most extensive self-report BS questionnaire
used. Yet, despite its development based on the BSABS, the FCQ items hardly capture the same phenomena as interview-assessed BS (Mass, Krausz, & Gross, 1995; Michel et al., 2016a) .
Several studies of the factor structure of the FCQ yielded inconclusive results. Apart from the original 10 theory-based factors (Süllwold, 1991) , various data-based factor solutions including one (Loas, Yon, & Brien, 2002; Yon, Loas, & Monestes, 2008) , two (Mass et al., 1995; Mass, Haasen, & Krausz, 1997) , and four factors (Süllwold, 1991) of different total numbers of FCQ items have been suggested based on different samples (Table 1) . So far, the model fits of these factor solutions have not been formally tested and compared using confirmatory factor analysis (CFA). Furthermore, in all previous factor analyses, binary FCQ items were treated as continuous variables, which can severely bias the resulting factor structure (Kubinger, 2003) . Specifically, because the exploratory factor analysis of Süllwold (1991) was performed on Pearson instead of the more appropriate tetrachoric correlation matrices, items were clustered together not only according to their content but also according to their endorsement probabilities. This may have led to the relatively higher number of factors by the emergence of "pseudo-factors" that are artifacts of item difficulty or extremeness. Thus, this study aimed to close both gaps in knowledge regarding the questionnaire-assessed BS: the model fit and reliability of the different proposed FCQ-factor solutions and the potential property of predicting the risk of transition to psychosis.
First, we tested all previously proposed factorial structures of the FCQ using CFA and categorical item methodology in a sample of atrisk mental state (ARMS) and first-episode psychosis (FEP) patients.
We hypothesized that the proposed factor models would provide a good fit to our data. Based on the so far strong evidence for two to four dimensionality of the FCQ, we assumed that a two-to four-factor model would fit best. In addition, we expected good reliability for all proposed factors. Second, we tested for the first time whether any of the previously proposed FCQ factors was predictive for a later transition to psychosis in ARMS patients. We expected that the total scores and in particular factors mainly consisting of the 34 cognitive and perceptive items most similar to the basic symptoms included in COGDIS and COPER (Table 1) would to be most predictive for psychosis.
| METHODS

| Sample and recruitment
Study participants were recruited as part of the prospective Früherkennung von Psychosen (FePsy; English: early detection of psychosis) project between March 2000 and July 2016. A detailed description of the study design is provided in Riecher-Rössler et al. (2007) . In brief, patients suspected to have an ARMS for psychosis were referred to our specialized early detection clinic at the Psychiatric University Outpatient Department of the Psychiatric University Hospital Basel, Switzerland, by local psychiatrists, family doctors, or other hospital departments. Some also sought help with us at the advice of family members or through self-referral.
To be eligible for the FePsy study, patients had to be at least 18 years old. Exclusion criteria were (a) insufficient knowledge of German, (b) Factors and items most likely corresponding to COGDIS or COPER in bold (Michel et al., 2016a) .
indication of an IQ below 70, (c) psychotic symptoms within a clearly diagnosed affective psychosis or borderline personality disorder, (d) symptoms clearly due to organic reasons or substance use, and (e) antipsychotic treatment with a lifetime cumulative chlorpromazine equivalent dose of more than 2,500 mg. For this study, patients were also excluded if they had completed less than 50% of the FCQ items.
Written informed consent was obtained from all participating patients. The study was approved by the local ethics committee (Ethikkommission der Nordwest-und Zentralschweiz) and conformed to the Declaration of Helsinki.
| Screening procedure
Patients were screened with the Basel Screening Instrument for Psychosis (BSIP), which has good interrater reliability (κ = .67) and high psychosis-predictive validity (32%; Riecher-Rössler et al., 2008) .
Individuals were classified by the Basler screening instrument for early detection of psychosis as being in an ARMS for psychosis, having a FEP or not being at risk for psychosis, using criteria corresponding to the UHR criteria of Yung et al. (1998) .
| Assessment of basic symptoms
BS were assessed with the original German paper-pencil version of the FCQ (Süllwold, 1991) , presented as part of a larger package of questionnaires at the baseline of the FePsy study. The FCQ contains 98 statements describing particular complaints that are rated dichotomously (yes/no) indicating either presence or absence of the complaint.
If patients had experienced a complaint in the past but not around the time of assessment, they are asked to score "yes" and add the word "formerly" next to it. For the lack of detailed time specifications however, these items were regarded as absent in the analyses.
| Follow-up and transition to psychosis
ARMS patients were followed up for transition to psychosis for up to 5 years. During the first year of follow-up, patients were assessed monthly. During the second and third years, assessments took place every 3 months; thereafter, patients were followed up annually.
The Brief Psychiatric Rating Scale (BPRS; Lukoff, Nuechterlein, & Ventura, 1986) items "suspiciousness," "unusual thought content," "hallu-
cinations," and "conceptual disorganization," which are included in the Basler screening instrument for early detection of psychosis, were used to determine transition to psychosis in ARMS patients. Patients were considered to have transitioned according to criteria of Yung et al. (1998) , that is, when any one frank psychotic symptom (BPRS score of at least 5 or 4 for "hallucinations") had persisted for more than 1 week.
| Statistical analyses
CFA were used to test the fit of the six different factor solutions described in Table 1 . The four-, two-, and one-factor models were fitted using the weighted least square mean and variance adjusted estimator (WLSMV) as this is currently considered the best option for conducting a CFA with categorical data (Brown, 2015) . We tested goodness of model fit using the model fit Χ 2 , the comparative fit index (CFI), the Tucker-Lewis index (TLI), the root mean square error of approximation (RMSEA), and the weighted root mean residual (WRMR). Cutoffs for good, adequate, and poor fit for all fit indices are described in the footnotes below Table 3 .
Because the 10-factorial solution was too complex to be fitted using WLSMV, we additionally fitted all models using Bayesian estimation (Muthén & Asparouhov, 2012) . A more detailed description of this estimation method, including applied fit indices, is provided in the Supporting Information.
We first performed Bayesian CFA on all six factor solutions (Table 1) with cross-loadings fixed to 0 comparable to the previously calculated WLSMV analysis. We used noninformative priors with parameters fixed to exactly 0 for freely estimated residual and factor variances, which are the default priors of Mplus (Muthén & Muthén, 1998 -2010 . Due to initially bad model fit, we additionally relaxed the restraint on cross-loadings for models with more than one factor.
We did so by setting sequentially less strict informative priors for cross-loadings starting with variances equal to 0.001, 0.01, progressing to 0.05 and 0.1.
The reliability of all previously proposed FCQ scales in our sample of ARMS and FEP patients was estimated by the nonlinear structural equation modelling reliability coefficient of Green and Yang (2009) , which has been termed categorical omega (ω cat ) by Kelley and Pornprasertmanit (2016) . Unlike the most popular reliability measure
Cronbach's α, categorical omega does not rest on the unrealistic assumption of a perfectly fitting unidimensional CFA model with equal factor loadings (i.e., essential tau equivalence) and therefore has been recommended as the best estimator for the reliability of composites that are the sum of categorical item scores (Kelley & Pornprasertmanit, 2016) . We also estimated the confidence intervals (CIs) for categorical omega by using the bias-corrected-and-accelerated bootstrap as recommended by Kelley and Pornprasertmanit (2016) . All reliability calculations were performed by using the ci.reliability function in the R package MBESS version 4.4.0 (Kelley, 2007) .
The abilities of the various FCQ measures to predict later transition to psychosis in ARMS patients were tested outside the structural equation modelling framework with univariate Cox proportional hazard models, in which the FCQ totals or factors served as the independent variable and time to transition to psychosis as the outcome measure. For the exploratory nature of this first-time examination, we did not adjust for multiple testing at this step.
The handling of missing data is described in the Supporting Information. Structural equation models were fitted with Mplus, version 7 (Muthén & Muthén, 1998 -2010 . All other analyses were performed using the R environment for statistical computing (R Core Team, 2014; Revelle, 1979) . Data and scripts of all analyses are available on request. Study method and results are reported according to the guidelines outlined by Brown (2015) . Twenty-four (20.5%) ARMS patients later made a transition to psychosis within the follow-up (Table 2) . Mean follow-up time was
| RESULTS
| Sample characteristics
1.24 years (median 0.80, range 0.03-4.86) for patients with later transition (ARMS-T) and 2.83 years (median 2.53, range 0.05-5.00) for patients without transition (ARMS-NT). The attrition rate in ARMS-NT patients after 1, 2, and 3 years was 26%, 37%, and 55%, respectively. Incomplete follow-up in ARMS-NT patients was mostly due to drop-outs and in some patients also because they were recruited less than 5 years before the recruitment period ended.
As expected, there were significant differences between ARMS and FEP patients with higher mean age, more positive symptoms, and a higher BPRS total score in FEP patients (Table 2) . FEP patients showed significantly more positive symptoms and a higher overall BPRS score at baseline compared to ARMS-T patients. At baseline, there were no statistically significant differences in any of the presented measures between ARMS-T and ARMS-NT patients, although ARMS-T patients presented more positive symptoms, higher BRPS total scores, and higher Scale for the Assessment of Negative Symptoms scores.
| Model evaluation
Overall goodness of fit and multiple fit indices for the models estimated with WLSMV are shown in Table 3 and those estimated with Bayesian methods in Table 4 . Mplus scripts and standardized parameter estimates for all estimated structural equation models are available in the Supporting Information.
All tested WLSMV models provided an acceptable fit to the data according to the CFI, TLI, and RMSEA (Table 3) . Overall, the one-factor solution (24-item short version) suggested by Loas et al. (2002) had the best fitting model with both CFI and TLI being >0.98, although the Note. CFI = comparative fit index (>0.95 = good fit, >0.9 = adequate fit, <0.9 = poor fit); CI = confidence interval; RMSEA = root mean square error of approximation (<0.05 = good fit, <0.08 = adequate fit, >0.08 = poor fit); TLI = Tucker-Lewis index (>0.95 = good fit, >0.9 = adequate fit, <0.9 suggests poor fit); WLSMV = weighted least square mean and variance adjusted estimator (χ 2 < 0.05 = good fit, <0.08 = adequate fit, >0.08 = poor fit); WRMR = weighted root mean residual (<1.0 = adequate model fit); DF = degree of freedom. two-and four-factor models (Mass et al., 1997; Süllwold, 1991 (Table 3) .
For all Bayesian models, the posterior predictive p value (ppp) was >0.04 and fell within the range of the 95% CI for the difference between the observed and the replicated chi-square values, thus indicating adequate model fit (Table 4) . In contrast to the WSLMV analyses, the Mass et al. (1995) two-factor model provided the best fit, as its ppp of .394 was closest to .5 (Table 4) , followed by the 24-item short version with a ppp of 0.317. Of the four ≥50-item models, the two-factor model showed the best fitting value with a ppp of 0.143 using cross-loadings fixed to 0.
For the two-factor 50-item model suggested by Mass et al. (1997) , an improvement in model fit could be found sequentially with increasing informative priors on the variance of the cross-loadings between the factors (Table 4) (Table 4) . Comparing the two 98-item model solutions using increasingly relaxed nonzero cross-loadings, the original theorybased 10-factor model fitted better than the data-based four-, the first two-, and both one-factor models but still less well than the best fitting second two-factor solution (Table 4 ).
| Scale reliability
Point estimates and CIs of the reliability coefficient omega categorical for all previously proposed FCQ scales are shown in Table 5 . Most scales demonstrated good (0.9 > ω cat ≥ 0.8) or excellent (1 ≥ ω cat-0.9) reliability. Only the alcohol and schizophrenia specific subscales of Mass et al. (1995) showed a reliability below 0.8-although still in the acceptable range (0.8 > ω cat ≥ 0.7)-and a lower bound of the 95% CI below 0.7.
| Survival analysis (prediction of psychosis)
Neither any one of the factors of the six tested models nor the FCQ total score was found to be significantly associated with a later transition to psychosis in ARMS patients (Table 6) . Note. CI = confidence interval; ppp = posterior predictive p value (ppp close to .5 = good model fit).
a Relaxing constraints on cross-loads is not possible in models containing only one factor.
provided the best fit to the data. However, if only factorial solutions based on at least 50 items are considered, the two-factorial solution of Mass et al. (1997) and the four-factorial solution of Süllwold (1991) performed best. While all tested FCQ scales had at least acceptable reliability, none of them could be demonstrated to have psychosis-predictive validity.
The one-factorial solution based on 24 items by Loas et al. (2002), which provided the best fit to our data when using WLSMV estimation, was originally derived by performing a PCA in a sample of schizophrenia patients. Although both parallel analysis and the scree test indicated that the optimal number of factors was two, the authors opted for a one-factorial solution based on the finding that all items had their strongest loading on the first factor in the unrotated solution.
The one-factorial solution was further refined by retaining only those 24 items that had a factor loading >0.6 ( Note. ARMS = at-risk mental state; FCQ = Frankfurt Complaint Questionnaire; FEP = first-episode psychosis, omega categorical (>.9 = excellent, >.8 = good, >.7 = acceptable measures) best fit to our data when using Bayesian estimation, was not based on factor analysis but on item-by-item comparisons of the sensitivity to either schizophrenia or alcohol dependency, revealing two factors construed as schizophrenia-and alcohol dependency-specific factors.
However, the superior fit of the models suggested by Loas et al. (2002) and Mass et al. (1995) might be explained by the restricted number of items they are based on. To answer the question of how many dimensions are measured by the FCQ, fit indices of models based on a more complete set of items are likely more meaningful.
Considering only these models, we found that the two-and four-factorial solutions of Mass et al. (1997) and Süllwold (1991) , respectively, provided the best fit. Overall, both models were approximately equally well fitting. Specifically, while the two-factor model had a slightly better CFI, TLI, and WRMR with WLSMV estimation and a slightly better ppp with Bayesian estimation, the four-factorial model had a slightly better RMSEA with WLSMV estimation.
Thus, our structural results in a sample of ARMS and FEP patients suggest that BS as measured by the FCQ are indicators of two to four underlying dimensions, which is in line with some of the previous research on the factor structure of the FCQ (Mass et al., 1997; Süllwold, 1991) , as well reported results from parallel analyses (Loas et al., 2002; Yon et al., 2008) . and interviewer-rated BS is most likely due to the lack of content validity of self-assessed BS when compared to interview-assessed BS (Michel et al., 2016a) . Furthermore, while items of the interview assessments refer to clearly distinct phenomena, items of the FCQ are less markedly defined, and frequently several items relate to the same interview-assessed BS (Michel et al., 2016b) . Consequently, the 98 items of the FCQ do not cover all BS described in the BSABS.
Moreover, they do not cover four basic symptoms and some acoustic and visual perception disturbances of COPER/COGDIS. These differences in item pools might have additionally affected dimensional analyses.
In this study, the reliability of the FCQ scales was estimated for the first time with a new SEM-based reliability coefficient, the so-called categorical omega (Green & Yang, 2009; Kelley & Pornprasertmanit, 2016) . Our results confirm that the FCQ total scales of both the original 98-item (Süllwold, 1991) and shortened 24-item versions (Loas et al., 2002) have excellent reliabilities (i.e., 0.99 and 0.95, respectively). Previously reported Cronbach's α values for these scales ranged between .95 and .97 (Loas et al., 2002; Süllwold, 1991; Yon et al., 2008) and between .87 and .94 (Loas et al., 2002; Yon et al., 2008) , respectively.
Hence, our reliability estimates tended to be slightly higher, which might be explained by the use of a method not biased downwards under violation of essential tau equivalence. The reliability of FCQ subscales, to our knowledge, has not been investigated in previous studies.
We could therefore demonstrate for the first time that these scales have mostly good-to-excellent reliabilities. The only scales with a reliability <0.8 were the alcohol and schizophrenia specific subscales of Mass et al. (1995) . This might be explained by these scales not being based on factor analytic results or similarity of item content but on the diagnostic power of single items.
In line with early studies questioning the psychosis specificity of the FCQ (Mass et al., 1995) , we found no predictive validity with respect to later transition to psychosis in ARMS patients-neither for the FCQ total score nor for any of its subscales. So far, no other self-assessment instruments for BS were tested for predictive validity. This is in contrast to previous studies, in which BS were assessed using semistructured ogy. While in interviews, the co-occurrence of BS with medication or drug use is controlled for, this is not done in the FCQ. However, a medication effect was controlled for in our sample, because patients with a summarized chlorpromazine equivalent dose of 2,500 mg or higher were excluded from study participation. Furthermore, ARMS patients were not treated with antipsychotics during the follow-up, while FEP patients were treated with antipsychotics only after completion of baseline assessments. Thus, further supported by the lack of differences in medication between patient groups at baseline, we do not assume that such a medication effect significantly biased our results.
A limitation of our study was the rather small sample size of just over 200 participants. Although Bayesian analysis has been shown to perform well even with smaller sample sizes, it was not possible to estimate the factor models for ARMS and FEP patients or ARMS-T and ARMS-NT patients separately. Hence, it was also not possible to estimate scale reliabilities for these groups separately. As most ARMS patients did not transition to psychosis, the two patient groups do not completely pertain to the same spectrum of disorders, and therefore, it would be interesting to investigate possible factor invariance across patient groups. A study on BSABS dimensions did not find differences between ARMS-T and FEP patient groups but with a subsample of patients suffering from depressive disorders (Schultze-Lutter & Eckjar, 2008b).
| CONCLUSION AND DIRECTIONS FOR FUTURE RESEARCH
Depending on the method used, our results suggest a two-or four-factorial structure best fit the full 98-item version of the FCQ. Because this is the first study to use CFA, categorical item methodology, and a sample of early detection of psychosis patients (ARMS and FEP), more research of this nature is clearly needed. Studies on the factor invariance of the FCQ in separate samples of ARMS and FEP patients as well as ARMS-NT and ARMS-T patients would be interesting.
Although we could not demonstrate predictive validities for any FCQ scales, it might still be useful to apply this questionnaire in clinical practice to assess subjectively experienced BS in ARMS patients and thereby to facilitate personalized treatment (e.g., initiating cognitive remediation). Because the FCQ as a self-report represents a more economical possibility to assess BS as compared to more time-and resource-intensive semistructured interviews, it seems important to develop scales of better convergent validity of items with interviewassessed BS to fully and broadly exploit the advantages of the BS approach in the early detection of psychosis.
